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Translate this text 

Techniques to determine data rates for a number of data streams transmitted via a number of 
transmission channels (or transmit antennas) in a multi-channel (e.g., MIMO) communication system. In 
one method, the "required" SNR for each data rate to be used is initially determined, with at least two 
data rates being unequal. The "effective" SNR for each data stream is also determined based on the 
received SNR and successive interference cancellation processing at the receiver to recover the data 
streams. The required SNR for each data stream is then compared against its effective SNR. The data 
rates are deemed to be supported if the required SNR for each data stream is less than or equal to its 
effective SNR. A number of sets of data rates may be evaluated, and the rate set associated with the 
minimum received SNR may be selected for use for the data streams. 
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2, . . . N R Stfj=l, 2, . . . NjtJitS, &> li b /c # 7 >- 7 y ^ y X A M 
{hi, j} *>6ij«sns, C C T? , h,, j » , jf B©ifl7yftfc ifSOf 

fl 7 y r t ^ © pi © ^ 7 7° 'j y x - ( t ft *3 -5 , m^mm) t? & % 0 ^ttsfteii:, f- 
t^;HS§vh'j-y7X, £, » , 7;l/-^yX"?£3iiigS2ti ( T ft , N s = N 
i^Nj) , fit, l^OffiuLftf-^XF'J-Atf, N T ©gf7yff ©f nf 

[0014] 

Hi M I M O */ X r A 1 0 0ffJ£DjMfSa>'XxAl 1 0SIfSilJ/Xf i 1 5 0 
©Il^I©7'n7X0tfe«o 
[0015] 

Ili^Xril lOtfe^T, lS©f-^Xh'J-it^ft? h77^7Xf-5 
fct , r-XV-Xl 1 2fr51i (TX) f-^7°nt7+i- 1 1 4'\4i? ) ns„ 35 § ft 
MH-£&, Ir-nh'J-Ali, f ft©li7yrf ^liLTSi?n§„ T 
X 7* - X 7° p -fe 1 1 4 {± , fCf-nh'J-AtMLTlKSnftiSon-f-f 

hb n-Fftb ^bT^yX-U-7bT, 3-Fft?n/cr-?*4iS. 
[00 1 6 ] 

#7* - X X h U - A *f b T n - F ft * ft t* - X 14 , h r - X Mffl b T v 

;l/77>77X2tl5Witt^feS, fflfcfcf, #®ftmv)V?7ls**/y>f (TDM) g 
b < {± n - K # fj v ;i/ f- 7 b ^ y x* ( C D M ) Vh&o ' W n *y h r - X & % -|t ( 

^igt-sfc6tSfliyxrAtt5^TfM2ns^itttf$s 0 #f-xxh'j-i 

lc M b T t )]/ i- 7 b >y X X * n t W n >y h R Zf a - K ft * ft 7* - X t± . * © , ^ © 
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f-^Xhy-AtSLTl^^llfetfgOliX^-A BPSK, QSPK 

, M-PSK, |jL<tiM-QAM) tl^^TgfSnT ^ y ^ ;1/ V-y 7° 

2ftT) , IIStiftJ'y^M^jti, x - X Is - h , n - r <f y X\ R tf # 7 - * X 
hiJ-AtMTSflti, :n y h n - 7 1 3 Oti^t^^ Sn^Ht i^TStSJn 

a rT It tt # a o 

[0017] 

^TOf-^X h'J-AtSfSIIi'y^/Hi, * © & % T X M I M O 7 n -fe -y -7 
1 2 Ot^itenS, T X M I M O 7 n -fe -y "7 1 2 0 tt , ( M x. tt , O F DMKJJt? 
) 5 £M7 SBJlttff*S„ T X MI M O 7° P -fe V 7 1 2 0 tt, 

CD ft , N T Olfi'y*;l/Xh'J-A^N T © ^ {f ffi (TMTR) 1 2 2 a 5 1 2 2 t 
t#i«o 1 2 2 tt, ftl?tlC'»t;*X h V -A^SfHb, MbT7 

L<(if ntt±C7tnyf^*4^S, * b T 7 7 ;l/ X fH ^ £ 2 <5 £ II S L T (iiif 
, it fib, 7^;l>Xb, ^bT7-y7°ay/^-hLT) , MIMOft*;^liLfcI 
{§ £ il b ft M 2 ft ft M £4 7 § 0 jXIfH 1 2 2 ai^ 1 2 2 t 5 <0 N T © M 2 ft 
ft M tt , * © « , ftl?tlN T «7>ftl 2 4 ai^ 1 2 4 t £ S ft 3 ft S «, 
[00 1 8 ] 

Sili/xfAi 5ot*^r, gf^n/iii^nfci^ii, n r © 7 y 7 7 1 5 2 

1 5 2 r la^Tgf ^n§> HTST^ft 1 5 2i^SISnftif ^ 

nfnogfi (rcvr) i 54t^i^n§„ &§ff«i 5 4ii, ?nfn<D§f? 
ftfcMfcWlfL (M7tt\ 7^;i/Xb, fifib, * bTX7 y n y^- h b) , 7y7 
zrctbicmmz ntcmmtT-u i/ $ nitL , ^ br*fjS7 3 "st^nft" yy 

# ;l/ X h U - A * 4 x ^ ft 46 £ +?- y 7° ;l/ * * 5 £ © H 7 § „ 

[00 1 9 ] 

RX M I M O / 7 - ^ 7° P ^ >y 7 1 6 0 tt , RSCSIi^ntfy^Kffi 

£ S -3 ^ T N R © S ffl S l 5 4 6 © N R © s m 2 ft ft y y # ;i> X h U - A # s m b , © 

a b T , N T © " j$ ffl 5 ft ft " y y # ;l/ X h y - A * A 3 „ R X M I M O / 7 - X 7° 

n -t y 9- i 6 o t «fc a 7° d -fe y y x tt , KTtsfitlfflta^ens. # ffl * ft ft y 

y # ;!/ X h U - A tt , SfSt §f-^X h U - A £ ft b T m ffl 2 ft ft £ H -> V # >V © ft S 

fit 7" a y y # ;i/ * # £y 0 r x m i m o / 7 - # 7° n -t 7 7 1 6 0 tt , * © % , # tt ffl 

* ft ft y y # )]/ x h y - a * 7 * y a y - h b , 7 y * - u - 7 b , ?Ltfn-FL 

T, f-^Xhy-Atfft5F77^7^f-^Bit5. RX M I M O / 7 - X 
7 p -b -y -9- l 6 0£J;37°n-t?yy^tt, m la ffl y x 7 A l l oiefe^nx mimo 
7 U -fe 1 2 OSffTXf-^^nt'^l 1 4ia^tH12tlf:tOtjt}Ltl^ 

[ 0 0 2 0 ] 

R X M I M O / 7 - * 7° D -tr 7 7 1 6 O tt , ft) 7 tt\ h 7 7 -f y X 7 - X * ffi ffl b T 
v ;l/ 7 7° y 7 X X * ft ft / W n 7 hKItJ^T, N T © ft R tf N R © S fl 7 y 7 7 © S 
© 7 * ^- ;l> JS ^ © ft JE tf * m ffl 7 S rI m 14 ^ 5 o 7 * * ;!/ JS ^ « S fi tt , flllcfel 1 
TSflSL < tt S PeS / Bf fS 7° n ir 7 y X * H ffi 7 S ft a6 £ ffl 5 n § rT 14 ^ S 0 RX 

M I M O / 7 - X 7° n -fe -y -7 1 6 0 tt , #5 ffl * ft ft y y ^ ;l/ X h U — A © is ^ - ft - / 
J X - R - =f m it ( S N R s ) , R Zf ^ h < ffi © 7 * * ;l/ # 14 * 2 ^ £ It 5E 7 § rT m 
tt^$7 fLtLla5<0l5ny 1 7 0 t^iS^ili^fe^o RX MIM 

O/7-X7°n-fe-y7l6 0gb<ttr!yhn-7 17 0tt, y X 7 A £ ft 7 3 "7^y 

-7^yX" s n r ©ft^MS 6 tlffit? Ri^tt^feSo cntt, fflffiuyx©«n 
n y h n - 7 1 7 o tt , * © ft , 7 * ;l/ H 'ft IS ( C s I ) *#ig„ 
cltxtt, H'J y^&tf/gb< ttS(H2ftft7-XX h U-A£M7Sa7©Xy7°© 

it m * 11 it 7 s rt |g tt ^ s s o m 7 tt\ c s 1 tt , * ^ y - 7 ^ y x s n r ft ^ ^ nil 7 

S Rl |g 14 ^ S o C S I tt , % © ft , T X 7 — X 7° n -t -y -7 1 7 8 £ j; r> X © JI ^ ft , ^ 

y a y - x 1 8 oia-3TSi?n, sin 54a*>ei 54 ric^^riifi^ft, 

b T , Ifli->Xf A 1 1 0-\^£^f§^ftSo 
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[ 0 0 2 1 ] 

Slii'XfA 1 1 0 K V T , Sfii'XfA 1 5 0 5 © £ II % ft ft ffl # if , 7> 
f ^ 1 2 4id£^TSffl2ft, Sill 2 2£J;^TiI?n, fti^al/-^ 1 4 0 id 

ili/XfAt«S2lifcC S i^BtfSo le^txftC S I a, © & , n y h n - 
7 1 3 0£#i5n, ^ L T (1) f-^ b-Mtff-^X hU-AtMLTSffl^n 
S^tn-f ^^SffilX^-i,^)*gt5fcJ6, f LT (2) TXf-3<7"nt7 
•9-1 1 4StfTX M I M O 7° n -t 7 +)" 1 2 0 id *f T 3 M 7 © ffl W * £ fiSc T 3 tc 46 id ffi ffl 

[ 0 0 2 2 ] 10 

n y h n - 7 l 3 0Stfi 7 0!i, ?nf n^ilStff flI->Xf AtfettS t^l' 
3 >?:f if «'J 1 3 1 7 2li, bn-7 1 3 OStf 1 7 

0 id £ <o ffi ffl * ft ft 7 n 7 7 A n - F & x - 7 id ft f s *g m * 4 * 3 „ 
[ 0 0 2 3 ] 

MIMOS/Xfit^tSt^Hi, « T © <fc 5 id a 3 ft 3 rT f£ 14 S : 

y = H x + n S ( 1 ) 

CCT?, _y_Ji ^ Si?nfe^^h;K T & ft ^5 , [ y , y 2 . . . y NR ] T , d 

a {yi} & , 1 S i © S ffl 7 y x id *5 ^ T § ffl £ ft ft x y h U - 35 D , fit i 
e { 1 , . . . , N R } TJ & t» , 

xj± , SIJtlf^n/K t^tJ^ i= [x, x 2 ...x NT ] T ,CC 20 
T? { x j } if , j S a cd S ffl 7 y r id *J ^ T S ft 2 ft ft x y h U - T* h D , j e { l , 
. . . , N T } T? & D , 

HJ± > M I MOf t*;VJS§v h U 7^XT*SD, 

nj±, 0_©¥^ 7 h JlRTJ A_ n = o 2 J_©«»f&V h U 7 ?X*tt«ttftlWft 

* 7 ^ h # 7 y 7 y 7 <f X ( A W G N ) T? & S , 0_& € P © ^ 7 h ;!/ 1? & D , J_ 

if ft n m id » r i t'i«nH^ttfDt'M7^fyfn^ h u 
Hto 2 if 7 ^ x © # ft & 3 , ?lt 

[. ] T if, [. ] ©M**^ o 
[ 0 0 2 4 ] 

© y y & )]/ X h U - A if , Siitfe^TS^tTStS. # id , 100||7>Tf* 
5II2tl/c3i£Oi/y^;VXh'J-Aii, Sft«fiiRffffifiT?^TON R ©Sffl7 y 
r ^ id «fc tj T S ffl 2 ft 3 rT ft # <fc 3 o SSiSnfti^ii, f ©<t7tLT, N T © }g 

ffl 3 ft ft y y # ;i/ x h u - a © * n ^ ft © sic ft * is ts rT gg ft ^ 3 0 n R © s ffl ^ ft ft ffl 

# f± , ^ T © N T <D m it * ft ft y y ^ )\^ 7 h U - A ^ j£ IB id -a" <& i± -f 1? & 3 „ L ^ L * ^ 
6 , C ft 6 © N T © y y h V - A f± , N R © S fS £ ft ft fS^f © IS id ^ ft 3 0 

[ 0 0 2 5 ] 

Siitfe^T, a 7 © 7 d -tr 7 y 7' K fB , N R © S fS 5 ft ft it ^ * m M T 3 ft 46 id 
m ffl * ft 3 rt ft ^ r , n T © si ffl * ft ft y y ^ ;i/ x h u - a * ^ m f 3 rT lg ft ^ 
3 o d ft e, © S M S 7° n -fc y y ^ S « i± , 2 o © 3= * * r n U - id 7 )V - 7 f fc 2 ft 3 rT tg 40 

s rs m r v s ps - m m s ffl m 7° n -t y y ^ g « c c ft a , ^ 7 ^-->a 

y S « i: L T fe n? if ft 3 ) , & 

" m m » * 7 u y 7 / -r 3 7 -r * - y a y & x$ =e m m m " s ffl m 7° n -tr y y 

7~S« (£fti±, "liW^till" gKtt "illiBg^ffJ^" SfflS7n^yy7S 
« i: L T fe n? if ft 3 ) o 
[ 0 0 2 6 ] 

- 15 id , S PS « & tf S PS - Bf PS S ffl « 7° n -t y y 7 8 « if , S ffl S id T S ffl 2 ft ft 
y y # )V X h U - A * K gij L «fc 5 i: ^ * 3 o # 3^ ffl f£ ft ft y > & )V X h V - A if , ( 1 ) 
7^ 7 T-^jS^CfflStfidS^^ T N R ©Sffl^ftftffl^f^id^Sftft^fflritxft y y^;l/ 50 
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fi^iit^a ( -r * t> , ffij itsct) tc <t t "«i(HJn«" Rrttttfftio 

cnecgfl^n-fej/y^SIRii, ( l ) {ft © 2/ y # ;l/ X h U - A ^ e. © =F m % M < T 
Tc 46 £ ffl $ (D m it 2 ft ft -> y # ;l> X h U - A £ -r 3 U U - h T S s gL<8 ( 2 ) {ft <D y 
y /K )V X h y - A 6 © / y X s =F p © # ft © ffi "Z? # #t tti 2 ft ft y y )V x h U — A <D 
sNR^i^ibtsci:, <D^-rn^*is»« 0 # t& ffi * ft y y sj? ;i/ x h y - a it , 
cd $ , ?^«i?nt (iiif , a is s ft , x y y x - u - 7 * ft , fLtfn-F? 

[ 0 0 2 7 ] 

51 IS W * HQ fti^mm 7° ot->>y5ffli, S Pal WSL ( J± S Pa! — B# Pa! S fit 11 7° n -fe y y 
X" * ffi ffl L T , -gtio, SiSnftf^^^Xh'J-ii&SiLT, ?LT# 

* ft Tc y y # ;V X h U - A " tEHt^f i^IfttSCfc^i^S, fOipl, 5 

5 £ * ft ft y y # ;!/ X h V - A » , ^LOTSlLfrSfJf t, .fcDSf^SNRsfcg/ST? 

*«nrtgffi^fes 0 # B £ * tx y y * ;i/ x h y - a £ g h f s t P # , ie ss £ ft s -? # 
, fLtfflBisnso'esntf, a is « * km (t s m « 7° n -t y y 9 R « a , ffi ffl * ft s rt 

[ 0 0 2 8 ] 

3 H W ft f j i« s « m 7° d -t y y y k « £ m l t , n R © § fs £ ft fc y y # ;i/ x h u - a 

It , N T © X x - y £ £ o T ffl a * ft T , § X f - t i5 I/ 1 T 1 •OOll2tlfe->y^ll/ 

, S T ^ § * /c B * * ft T ^ ft ^ y y ^ ;!/ x h u - a t a u s =f B it , s it * ft y y 

# ;v x h v - A ^ e. ft m * ft , * L r ffj 2 ft 3 , Ht, "il^tift" y y ^ ;i/ x h 
u - a a , Kcxf-^'ti^T^etMjnT, ^ © m m * ft ^ y y ^ ;v x h u - a 
^B4t«. m m * ft y y ^ ;i/ x h v - a ^ x =7 - ft l t? (gL<iii^©i7-f) 

SSShSCfcS'ttSftStf, * L T f- * ;!/ JS * * S fit ^ S 3 t IE 5S V h % ft S «\ 

B ^ * ft tc y y ^ ;!> x h u - a tc fg a -r s T P © iJ i» it , ssifif*!), ?LT#iiW 

£ S ^ * ft y y ^ ;!/ X h U - A © S N R tt , HtL m * ft S o l O i 5 t L T , «fc D ffi ^ 14 

* ft Tc y y ^ ;!/ X h U - A * ft ^ T ) m fiic * ft S rT gg 14 ^ S 0 
[ 0 0 2 9 ] 

T © « fg ^ , d d T* t± ffi ffl ? ft S : 

" 3^ * ft tc " y y ^ )]/ x h u - a - }S ft 7 y r r ^ e> s m * ft fc y y ^ ;i/ 

x h u - A ; 

" s « * ft " y y ^ ;i/ x h y - a - m m m ft =p p ffj ^ ( s i c ) s is s © 

8? l o x t- - y £ if % S PeS W g b < S fS - H# ^ 7 n ^ y -9- -\ <D A 77 (I6#l) ; 

" m m * ft fc " y y ^ ;v x h y - a - s 1 c § ft a © # §[ # ^ < x r - ^ t 

S S Pal W m L < S Pal - Bf Pal 7 d -t ^ -\ © A Xj ; 

"ttdjsnft" y y X h y - A - S Pal W 7° n ^ cd m * ( S A N T 
- k + 1 y y ;!/ x h y - A s t? X x - y k Ml i/^ T ifc m 2 ft S rT tt ^ § ) ; & 

y ;i/ x h y - a ( 1 o cd ^ m * ft y v & iv x h y - a # ^ #xr-7tfe^tB 

^^ftS) o 

[ 0 0 3 0 ] 

8 2ti, N T CD £ * ft y y ;l/ X h V - A * n t %> tc 46 id N R (D § 5 ft y y 
^;l/X h y - AM JITS ft 46 CD 3 ft W ft 7°n y y 7Sf^^t 7 n -MV 

6 % 0 # Hfi t f S /£ 46 £ , H2tcig-rSJMT©iKK{±x ( l ) £ Pe9 w f - 7" x -v * ;l/ CD m it 

, mmr yTi-(Dmicmhi> (tftb^, n s = n t ^n r ) , r tf (2) 1 o cd a l 
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[ 0 0 3 1 ] 

m 1 © X r - V \c ft L X ( k = 1 ) , § m m f± ^ N R CSfSnfti/y^^Xhy-i 
S ^ W g L < f± S H - EE? H 7 n -fe y y 9 * W 46 K ft ffi L T , N T © g * ft ft y V # ;!/ 
X h U - A * K grj f S d i: * t£ # S ( X x -y 7 2 1 2 ) 0 fg 1 © X r - ^ ft L T , 51 

/K ;V X h U - AOiSIf $5 N T o«(liSnfti/y*;l/XhiJ-i*#iL5n«. ^ m 

#;l/X h U -i07^f>T^ r -r tf, 77U * U (a priorOfcl 5 ft S © T? ft &f , SPeS 

W g L < ii S S - Bf PS 7 n -fe y y y a , ccgfl^tiftv-y*;^ hy-At^LT l o 10 

/£ w- © $ m s ft & y y # ;v x h y - a * # * s $ tc n ss s ft s rt &g 14 # as s 0 ^ -r ft © 

Sptfel 1 !!), S U * ft Ift tti * ft '> y # ^ X h V - A a , 2SlcM2ftT ( M x. 

a\ t* * y a y - h 2 ft , t* y y * - u - 7 * ft , * l t r n - f 2 ft r ) , fn-FS 
r n £ 2 ft r ^ s m m 2 ft y y * ;p x h 'j-Atsrsf-M h u - a © ft s w x % 

3 ( X r V 7° 2 1 4 ) o 
[ 0 0 3 2 ] 

* © & , ^TOSI2tl/c>'>*';bX h iJ-A^S4?^/cfr§^©?^£^, * 2 ft 3 
( X r -y 7 2 1 6 ) o SiAWiXSSIf, S ft « 7° n -fe y y ? » II T f % 0 * ft fit ft T? 

ft a\ n R © s m * ft ft y y # ;i> x h y - a © * ft ^ ft t o ^ r ^ 4- - S * * ft /& 20 
i/y^;VXh'j-itgBT5fi^- fS^^ftS ( x r y 7° 2 1 8) 0 f iti> ( c © 

^ - U - e y 7\ *LTSBX + -A*t5fflU) i J6 t f 3 - FJtlfcf-^X h U — 

y - 'j - t* y ^"^ lift f - ^ -> y # /I/ - ? 7 tfy^ts c tti^T, » s * ft s nj 
|g 14 ^ s D , "SSBjnft" -yy*';KF'j-A^fi5. Bii^tift-yy^/MFy 
-i»H, -3 4- s ^ * ft m * ft y y # ;i/ x h u - a © ft s it* % s 0 n $t is * ft 

f-y y^;l/X h U -Att, f-^*;VjS«F-^^ h;l/h_j ffONg fiDSSOJfftJpft 

t^tny*;^ ( convo 1 ve) 5 ft T , fc -p /c 4 - S 4 £ ft fc y y ^ ;!/ X h U - A t g 

Ht«N R oT$ii^*«ajts, ^ ^ h ;i/ h_j a, ft^f^-BiJiifc-yy^^xF 30 

V - A tSLTtffl^nfrjf i©I ft 7yft£SJSt8 (N R xN T ) ^ ■¥ * ;V JS «F 
?F'J'^X, H_, ©RTfeSo ^h;l/h_j ti , j#@©^fS7yf-7"tN R ©SfS7 
y7-^i;©P E g©9 L -¥^;l/jSa : -&M/£-r?»N R ©S^^^Cyo 

[ 0 0 3 3 ] 

n R © =f j$ fiSc ^ v a > * © % > n R © Si * ft & y y ^ ;i/ x h u - a ^ e> M l ?[ ^ ft x , 
N R ©^ii^ft/cyy^;i/Xhu-A^jfm-rs ( x r ^ 7° 2 2 0 ) „ Lti^fi^n 
/c y y ^ )]/ x h u - a a , ft^ft^-#f ?nfti/y^;i/X h 'j-Atfgi^nt^s^ 
( -r * t> , =f p m m & m * m t n sa * ft t « s -r ) © -e s ft a\ s « * ft & & -r x 

65X h U -A^Sto 

[ 0 0 3 4 ] 40 

X r y 7° 2 1 2 & X} 2 1 4tfe^riI2n?c7n-bi/y^(i, * © % % ( N r © S fl 
S ft /c y y ^ ;l/ X h V - A © ft *a D tc ) N R © £ H * ft y y ^ ;!/ X h U - A t «? D 5M * 
ft r , lelfiJtife-yytOFXF'J-A^Bil-^o x f -y 7 2 1 2 & 2 1 4H, S 
S2tistt#ii^n/ci/y#;vxFU-AtSLti:oj;5tLtit)i2n, 

T , n ^ * ft S ^ # ffl © ft * ft ^ y ^ ;l/ X h V - A ^ & ft , X f -y 7 2 l 8 & 2 

2 o & m n ft s o 

[ 0 0 3 5 ] 

Sixf-'y'tMLt, a * y y ^ ;v x h u - a a x n r © s fs 7 y f a ^ ?> © n r © 
s fs * ft /c y y ^ )\y x h u - a x $ s „ l t # §[ # ^ < x r - f J t *f l t , AA-yy^ 

ll/XF'J-Att, fti-3Xf--y*^ON t © ^ IS 5 ft fc y y ^ ;l/ X h U - A X & Z> 0 # 50 
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xf-^tstS7"nt^y^(i, m a © -fi j£ t? ft < o S i xf-^tl<§xf-i>'t 

[ 0 0 3 6 ] 

m m m ft m & s m m f n -t >> > y a , cc^tLt, si?n2^t#si?nfti/ 

IShfti'yii!;I/Xh'J-iClo*jf4L < f I T ( S % © X r - n f± ) 

2 ft 5/ y /K h 'J-AtEHtSTi'&IILT, & © X x - ^ \c M T S ^ II 5 ft 

J/y^/I/Xh'J-iSitfltS. ^mmmi^n^.^ tifciy y ^ )V X h V - L,li, Z. © J; 5 10 

SSsnftfy^;i/Xhy-i,osNR s a , ^ct^y^'^x h 

[ 0 0 3 7 ] 

h y-itt, ( m © k - i x r - s> t ^ t h 4 * ft y # ;i/ x h u - a e. © =f m & 

, iSWt'II2ftt^5t|gLT) T © «fc 9 t a * ft 3 rT m 14 S § : 
JLk =li k 2Lk + n_ S ( 2 ) 

_y_ k a , kfgcxf-^tJttSN, x i © A * ^ * h ;!/ , tftb?, _y_ k = 
[ y , k y 2 k . . . y k N r ] T T* & 9 , { y , k } S , k ft i © X r - S> fc~ 20 

JLk & > kiiCXr-^l^t5 ( N T - k + 1 ) x l (DmitZ ntc^7 h )ls 
t4b^, ^ = [ x k x k + ! . . . x NT ] T t & D , CCtxj tt, j iiOg 

ii k a , MIMOft*;P£St«Ni x ( N T - k + 1 ) f t*;HS§v h 'J 7 

* X -e & D , HitS4^nft->y*'*7F'J-AtJft§k- 1 jrj ffj ^ * ft T ^ £ , 
f^t)?, H_ t = [h_ k h_k + 1 • • • JLn t 1 : SO' 

nj± , it tin w ft * 7 ^ h # * i/ 7 y y X t? & s 0 

[ 0 0 3 8 ] 

l*stt«ft6iL, s ( 2 ) a , g * ft tc */ y & )]/ x h v - a a , g fs 7 y f ^ © )« # 30 
t#4?n§ ( -r ft fc , ii7yftii()^Si?nf;yy^ii/Xby-iA\ git 
b * * ft , % l r mm 7 y t 1 2 z mm z ntc i; y $ x h v ~ i± t>\ 2t gtss? 
ft , m * , fit, Si7yf t n t *^Si^tifci/y*;i/Xby-i^, litis 

* ft S ) £ (M S f S o 3 ( 2 ) a , « T © £ 5 * t « 2 ft S |g 14 ^ fe £ : 

[ii] 



it (3) 



[ 0 0 3 9 ] 

xf-i?ktfe^tsi?n«<tsijnf:yy*ii/xfy-i,(i, fi^7-sn 

(SKtifl) S_' *^#S<DflfitfiI2tlSfe(Di:lT15nS^lttA^§„ ^ 

l2tiftyy«^xF'j-A(i, f h;i/i k ttt#ts (f itig^n 

s ) o m m f£ ft ft y # ;v x h u - a © t p © ft ^ ^ # a , t p © ft ^ -9- ^ - s t ^ w- 

S^^*;l/JS«F^^h;l/, iL k , ^Sit^i: tti^Ti^nSnrittid^So TP© 
s^t^-SKa, T^^^-sratit^-rSo c©g»a, h_ k *w©js»*ttS7 

^;l/*tgHt*f-3££fcJ;^TM2ft&^ft^;l&&o J9:»©«T?S^:©x*;i/^- 

SftSfe©T?i&3 0 ddt, n = 1 , 2, . . . N T - k t M 1 1 , _S_' = span ( 
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J_, 1_2 ■ ■ • Jjl-k) • H J_ J1 = & m , n . R tf {^} f#*7-SFIl' 

[» 2 ] 



£[|w H h, | 2 ] = £[|h? h, | 2 ]-£T|S ,B h t | 2 ] 



^-^ilm^ i% a (4) 



[ 0 0 4 0 ] 

«L H h_k » > TiOftl^7-ara±Ofi»h. k (t4b^, Bf W. <D fiic # ) £ g 
f , * L T 

_S_' H iLk«^ Ti*7-SriiOS^i k ^gt 0 
[ 0 0 4 1 ] 

s (4) ib^gidiitfifryfttjitLTifflsnstfists. 

[ 0 0 4 2 ] 

k S i © X r - S> *5 ^ T B £ 2 ft y # )]/ X h V - A IS T S S& S W ft S N R , S 
N R e f f ( k ) , It , KTCi^ti^nSRliltS'ftS : 
[8 3 ] 

<7 iV T 



[ 0 0 4 3 ] 

c: d -z? , p t 0 t f± , r - * g ft t ft l r f ij ffl nj &g ft « s ft m * -e <o , c ft a , n t © 
li/yf tt^fc^te-tiBi^n, co is a p t 0 t / n t , #Si7yftt 

ft L T fS ffl 2 ft S , ?LT 
[ 0 0 4 4 ] 

4toN R ©Si ^n/t^yi/i/Xhy-itstsfiJnftSNR, s n r r x % 

f± , T <D J; d t M S * ft S tg 14 ^ S : 
C» 4 ] 

SNR„=-£4*- it (6) 



[ 0 0 4 5 ] 

S ( 5 ) RU ( 6 ) $a§LT, k S i © X f - £ 15 ^ T # 4 2 tl ft y # /I/ X h U 
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SNR dr (*) = 



iC(7) 



[ 0 0 4 6 ] 

u - a t «t d im jffl * ti ft / -r x r xf =f m tc n l ft ^ ii & m ? % „ i2t, x ^ - # 1 o 10 

S N R*fi^fTSSJift7-f;P^*^ & Ift ffi * ft ft y # )]/ x h u - A * f# § ft 46 ffi 
3 ( 7 ) f±, ^^©^ffi-e ("Tft fcl5, 1 o g gb<(idB|fiT*&<) M 

[ 0 0 4 7 ] 

± t a s n «fc 5 t , sf^nfti/y^xhij-AB, n ft -3 ft f- * ;i/ « ag * £ & f 

S RT 14 ft & <0 , ^LtSlffi^OiSOitJJLTia^ftSNE s*jij£TSRr&itt 
*'*8, # y # ;!/ 7, h U - A © it fiic * tl ft S N R«'IIil<:fe^Tftl6nSO?36n{f 

, H7-1/-F (PER) *HgLft)d'5, X^^h/Va$^l*tt? 20 

fca&fcSSiSftSo L L ft e. , t^O^OMIMO^Xril^Lt, 51 ft © f- ■¥ * 

[ 0 0 4 8 ] 

isi^ < o^om i m o -> x f a t* h , f- * ag it $ & m m m t % ^ r m m 

§ft^±I-&t, 7*— [WI-cDx-^l^-h (Tftfc-%, x-^y-hO-StftlBfS) 
T'N T © }S fS 7 y r -f * m £ L T £ ft 2 ft 3 „ Sillcfe^T, N R © S fS 2 ft ft y y si? 

h u -ah:, Sf^ftffmsffiiyn^y y^Kffirfcteffl LTjaisnsnrtttS's 

? 0 ^§«©X + -Aftt, # X r - S> k t it 3 ( N T - k + 1 ) © m * ft ft y y 
© is ft x 3- - a a . fii£¥i;fttti*4is. 

[ 0 0 4 9 ] 

s « f± , 3i ft © ^ * ;i/ « 18 © m m t? h s ^ + * ^ m m m wmmm t ^ r #j a -e # 

ft ^ « , M I MOi/^fitSLTSi^nftttiS^ASftfetCCt^ilBna 
o HIT'S, 7* - * y - h © * - ft IB fB , Slcftlfef-^X h 'J - A £ jtf L t f 
ffl 2 ft 3 0 r-^y-htt, (1) J; D ffi « © § ft 2 ft ft S N R W T S 3t S © g L 

(atssnft^^i'hw*, SL<a ( 2 ) fffs<DSL<t±i£?ti/iSi?n/i 

S N RtStSJ; DIl^X^? F;H$, * ii f£ T S ft *6 fc S M 5 ft 3 m tt ^ 3 0 
±IH©iW© ; ?-ft ; ? ;, ft^)i)?Sc-rSfti6©llf*WftX^-i,^, HT£4i5ti« 0 r - if 40 
y- h o^^-ftlBff -Mt ^ < cD«^id*5^T«*©r-^ y - h ©-SftiafS J; 

[ 0 0 5 0 ] 

s ( 7 ) t^snftiat, #B^^ftftyy^;i/Xhu-A©n^jWftSNRt±, s 
( 7 ) (D ft ? to m ? " k •• ti^tg?nftj;?t, ?ntfS4^n/c#s©xf-^ 

m J% * ft , * L T II fe 7v # ^ H a W ft S N R f± , lx/c->y|;VX h 'J-At 

»LT)iJi!c^ftSo 
[ 0 0 5 1 ] 

*#^ftftttig^]ij?ict-s ft*6 7*-* y- h ©^i^-ftiafsa, fn^oitwa 50 
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rsnsRi^tt^fes) o siitfc^r, ii?nfcf-nh'j-A(i, r - * u - 

[ 0 0 5 2 ] 

9ts*nsRrtgi4jb^So ifflt, i£ ( 7 ) t^snftiat, f»tB4?hft->yt; 10 

;VXh'J-iH, ^Dffi^ftaWftSNRsMjjScL, * L T <fc D ffi ^ ^ ^ - T 4 M 
?«tSlt?, 5 ft ^ X r - V k 33 it 3 ^ ^ ^ - */ r -f J« 14 x ( N R - N T + k ) t 
L T 4 A S ft S rT tg 14 S o * 6 fc , f!tSt?ti?c->yt;^Xh'J-A*50f3 

oss snfti'ysi?;^ h y - icniswft s n r s t»f s c iS'nriTS?, 

s/ > # ;i/ x h u - a © s £ t s ^ m & m j& -r s & 1 , f LTi-eBt?nfr>y*;y 
xh'j-Atfc»?x7-£i c e p ) a * % ft ij a -r s e l < a fii pi <r % fc s6 t a k * ft 

3 rT fcl tt & 3 „ I2ic, ST'SS^nfti'^^^Xh'J-iSi, ±DSf^HS&WftSN 

Rs*3ifi8T?#aRr^tt^»t3Tfe, cfc o * t ft x ^ * h )]/ a * * +?- # - h f S fc J6 £ ft 20 
£?n§ot$nti\ stss^nf;-yy*';vxhij-ia, x7-tSLtj;DiKi 

[ 0 0 5 3 ] 

fl^©X^-A«, (1) BrSOf-i'U-KOEi (gL<ax^n/«i) * 
#-hf-3fc&£M&fi/^©MsnfcSNR;&$s-r3fci&> gi<a c 2 ) 3tSc 

[ 0 0 5 4 ] 

m 3 1±, fgof-^ u~ b (dh v b h ftfttijfiafi/jMosisnft s 30 

•fe y M± , k = 1 , 2, . . . N T tMLt, lr k ! ^ L T Si £ ft , ^ L T r j ^ r 2 
. . . ^ r N T £ ft S «fc a fc |IR ff £ M ^ 5 S o M v b { r k } tfj © r - * U - h fi , N T 
©SI7yft^5Sfl?n5^tN T (7) x - 5 X h iJ-AtMLTfiffl^nS^^TJfe 

[ 0 0 5 5 ] 

{± C 46 , -fe V h { r k } tfJ (D # T ' - * U - h (SKliX^n^W) * V # - h 
TSSMKfc^TMSftSSNRtf, $S2ft£ (Xf7 73 1 2) 0 iina, ftg 
ft s NRMX^^ h;l/gi$0;l/y ^7-y7 s f-7;^iffitSi:J:t < ];oTljS?n5iiI 
SltttfSfeSo FiT S © X ^ 2 h ;l/ % m fc ft L T ft S ft S N R !± , KTOSStl^^T ( M 40 

ny^a-^i'^aiz-ya y^f sit) RgsnsnrittS'sa, issa, ¥ 

-Of-nF'J-itf, {1, N R } #-A*^7cmX7 (S IMO) ff^;^lfiL 
T g {§ * ft , f LT#S©|«OPER ( ffl * fcf , 1 % P E R ) tSLT?5tS£?n 
So f-^U-hr k ^tt5f-^Xh'J-AtSLt^S&SNRa, SNR r e q 

(r k ) tLTl^nS. N T © M ft S N R s <0 -fe -y M± , N T Of-ni-y-At 
M L T X f V 7° 3 1 2tfe^Tl5n?. 

[ 0 0 5 6 ] 

•fe -y h { r k } fp<DN T (Df—^ly—bl±, @ W © P E R It M $t T % tc 46 £ ( M X. tf , 
;l/ y ^ 7 y 7° r - 7 ;l/ ^ 5 St *6 5 n a «fc 5 t ) S m S t fe ^ T S * * n Tc N T © S N R s 

tiiffaens. u^n, of-^-Hi, s (7) t^jnfti^t, Sfss 50 
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it(i:fc^ti^sn5Rritt)!i'$5N T <DHS&w*sNRsfct>i85i^f^e.nSo n t 

Ot5SSSNIi s ^ ft JS T £ H $J W ft S N R id <fe %> g L < i± tX T "Z? 3d S © "t? & ft ii\ -fey 
h {r k } tfJ©7*— htt, •9"*— hSnS^ffpafeSfcWBf^nSo M W ^ N 
T CM4SNRsii, r - X V - h id ft L T 7° P y b 2 ft Z> rT 14 D s SlOlt 
«t -3 T - ft id IS fcf ft S o L T , N T ©IiWSSNRst, f-^ h tMLT^D 
yhSftSRTtEtttfifctK * L T SJ 2 © US id J; -3 T - ft id *g if ft 3 0 S! 1 © IS © H © §P ^j- 
&!g2©&g©±77idft^©-t?&ftif, -fe -y h { r k } tfi © r - # U - h it , fCl, # 

[ 0 0 5 7 ] 10 

4SNRtCHOitLTStSn«nritt)!l , *a, "T ft ^5 , margin (k) = S 
N R e f f (r k ) - SNR r e q ( r k ) T* £ S „ #f-^~ H^tl V-^ yff 

i?nfi(±?*na, { r k } ^©r-^^-hfe, +?- * - h * ft s # t? * % t f rj 

[ 0 0 5 8 ] 

7 ) t^^tlfci^t, Sf^nfcSN RA^ilH?tlS^Itt^SS„ -t y h { r k } 
tfi © N T © 7* - £ U - r- * -9" * - r- t %> fc tb id & S * « ^ © § ft £ ft S N R f± N 4> * < 
HlOf-$l/-h*^>S6SNRt|L<SS C -T ft *3 "6 , t*DV-i;yt*$§) H 20 
^) & ft S N R id il L T ft S Sf * ft S N R T? & 3 0 -fe -y h {r k } ^t^Sft/cM 
f* ft ft r - if U - h £ m # L T , ( -tf n © ) ft © v - s? y a , -t? y h tfi © ffi M © N T © 

[ 0 0 5 9 ] 

^■cgfigsnsfcis^tSo ?lt, ^yf^nnut n t ttg^na ( t ft ^ 

•5 , A = N T ) (Xf7 7*3 14), If gOSi^nftf-^Xh'J-ititSifl 

fiftSNsa, fo^iasNRtf Kissns (ffcfc-s, snr 6 f f 

(A) = SNR r e q (A) ) (Xf7 7'3 1 6) 0 Sfl^tlft S N R [±, * id , £ (7 

) ^{SfflLT, liiosisnftf-nhy-itstasNR, f f ( a ) © n a 30 

WaSNRtl'J^TRgSna (Xf 7^3 l 8) , 1=N T ©f^t^KDlOSL 
tSLT, Sf^nftSNRii, k = N T fc ITS ( 7 ) ^ ffi ffl L T $ ^ 2 ft & nf f£ tt ^ 
S o C ft fct > * L T « T © £ a £ a £ ft 5 15J ft jf & % : 

SNR r x = N T • SNR e f f (N T ) £ ( 8 ) 

#SD©r-^XhU-A©HaWftSNRa, * © % , X r y 7 3 1 8 id ^ T ff- * 2 
ft /c S (H 2 ft S N R M k = 1 , 2, . . . N T -ltSLT, S (7) *ifflt«i: 
il id S -5 T $ S 2 ft 3 ( X r y 7° 3 2 0 ) 0 N t (Dfifi4SNR0t7m, N T © 
f-^Xh'J-A!LjtLTXf77'3 2 Oid£^Tf#e>ft£o 
[ 0 0 6 0 ] 

•fe V Y { r k } ffJ © # r - ^ \y - h lc ft L T ^ S ft S N R l± , ^ © ^ , r — ^ — h £ 40 
BB-rSH«lWftSNRt^bTJt«*nS (Xf77" 3 2 2 ) o t7F {r k } tfi © r - 
^ ^- h t)\ Xf77"3 1 8£fe^-CRgSnftSiSnftSNR£j;^T*ii!-h2n 
S S © & S , * t ft * ft S ( X x -y 7° 3 2 4 ) o # £ , N T © t* - X 1/ - h © * ft 

< L^©-£&ftJi\ t7h { r k } (fi©7*-*U-M± % SiSftfeSNRIciot 
t#-h«n8^fP$8J:?J««h, f LTSStfl^^tlS (Xf77" 3 2 6 ) 0 ^ 
ft JM ft {± , N T Of-^lz-KD^tn* f-^L/-ht|tSIx!lW&SN 
R ^ ffi x. ^ © "£ ft Ji\ ■k7l> {r k } ffi©7"— ^b — bit, §ISnft S N R t j; o T 

t)-^-h^fta<#-eft^i:fij»f^ftao ^©Ji^icitt, ^i5cAt±, g'>ts crftfc-5 

, A = A-1, •?-©!§*, |!2©jiiD3ML id MLT1=N T -1) ( X f 7 7° 3 2 8 ) 0 50 
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7° n -t X tt , f OtXf 77°3 1 6£K,T, £ CD V - y 2 S S 6 * % £ n £ * 
nftf-^XhiJ-AlcSLTl^SnftfctSfiSOT?^ "fe y h { r k } ffi © 7* — * 
L^-Hc|fSI^W4S NR s ©^ -y F^^StSo ^ItfSUT t /c'ltf < ©I 
DiLii 5 , x f -y 7° 3 2 6 £ ^ T fi!c i;j ^ a ^ * ft § s t? H M 2 ft § Rl tt 35 % 0 J* * 
©I^tMItLTSSMItMLTXf 7^3 1 8 fcfc^T&SSftfcSmSftfc S N 
R a > tyF { r k } tfi © T ~ 2 b - h ft V *° - h T Z> Tc a& £ ft S * II ^ © § (H 

[ 0 0 6 1 ] 

h 3 £ ^ s ft 7° p -t x a , fgof-^-hot? h # m S © S (H 3 ft /c S N R £ 
•fc^T-y-^-hsns^s^^sts-rsfej&tfeffifflsn^Rr^tt^feSo £ © s f§ * n 10 

ftSNRIi, ^^l/^r-fy^SNR, SNR op , £ ft J5 T £ rT f£ 14 # 3 0 SNR 0 

p a , s fs % £ w- s ¥ ±§ g l < a ^ m % ft (L^Lirwtss^st±&^) s f§ ^ 

ft/c S N R -Z?&3 RTtBtetf &So i^b-f^^SNRli, S ® « £ 5 « ffl £ S "3 

§ rt m tt # & s o ^ -r ft © m & t* t , si^nftsNRtt, mimo^xtailSlti 

[ 0 0 6 2 ] 

H 3 * # Bg b T , 3f S © 7* - 2 b - h © -fe ~7 h ffi £ © § ft 3 ft fc S N R £ J; ^ T V *° 
- h SftS frSfr£$£T S fctf> £, ^f-^-htMLt^SSSNRtf, SH&fcBfc 20 
)£ 2 ft 3 R]" |g M £ 3 ( X r 7 7° 3 1 2 ) o N T © ft S ft S N R © -fe >y h f± , N T © r - 
2 X h V - A £ ft b T X r 7 7 3 1 2£*^Tl5h* 0 SiSnft S N R«it?t#X 
6 ft T ^ S © T? , X r y 7° 3 1 4 , 3 16, R ZS 3 1 8 » , X ^ -y 7° 3 ft 3 rT |g tt ^ § 

0 #7*-^XhU-A©Ha&WftSNRt±, PiT^©S:fH3ft/cSNR£a'3'^T&tJ : k = 

1 , 2, . . . N T tSLTS (7) *tfflLTaS*h8 (Xf 7 7*3 2 0 ) , N T © 
HaWftSNRO*? h(±, N T © t* - if X h U - A £ ft b T X r y 7 3 2 0 £ ^ T f# 
S ft S o 

[ 0 0 6 3 ] 

•fe y h {r k } tfi ©#r - ^ h £ ft b T ftSft S N R tt , * © r - ^ 

htitSIiW^S N Rt)PfLti;ti?n§ ( X r y 7° 3 2 2 ) 0 -fe -y h {r k } ^© 30 
7 , -*l/-K)'SfSnftS NR££-3T+?-#-h£ft3frSfr©$S^ *£ftSn« 
o N T ©r-^b-h©^fL^tx£ftbTftSftSNR^, ^©r-^l^-hlCli-r^ll 
2& W ft S N R «fc 5 /J> 5 g b < a ^ b !/> © T* h ft «\ -fe 7 h { r k } f(Df-^-Mi 

v 7° 3 2 6 ) o ft fit ft a , N T © 7* - ^ b - h © ^ f ft ft 1 "3 £ ft b T ft S ft S N R 
, f-Xl/-htit5IiW4SNR^Si50ffen(f, b v h { r k } tfi © r - * 

[ 0 0 6 4 ] 

KfltfrSfeJ&t, 2O0SI7yf t ( -T ft fc "5 , N T = 2) Stf4O0Sf87yf 
7" ( f ft t> % , N R = 4) ftMt ^ {2, 4} M I M O 1/ X r A £ ft f § — M ^ , HTt 40 
m m ?£ tl , l^;l/'y^ifj3t*7 h ( b p s / H z ) © ^ f* X ^ ^ h )V fjj m * ^ *° - h 
f«fca6£^^^ns 0 c © M £ ft b T , r-^b-h©2-fe^h^, fFfffi^ ft 3 0 SI 1 
© -fe y h a , 1 b s p/HzSff2bps/HztS)St5f-XU-l-^^», ^bT 
fg2©^-y ha, 4/3 b p s/H z&tf5/3 b p s/H ztftjSTSr-^b-h^ 
# o # b - h -fe y h © tt |g a , (iitf, B 3 £ ^ * ft 7c 7° n -fe X £ » "3 ^ T ) i^SJ 
ft, *LTS^fcJt«3ftS 0 
[ 0 0 6 5 ] 

H 4 a , 1 bps/Hz, 4/3bps/Hz, 5/3bps/Hz, Stf 2 b p s/ 
HziDX^Xh^aitSt? { 1 , 4} MIM0->XrAt|t3PERjPfSNRO7 
n-yh^^fo C ft Z © 7°n >y h a, cO^f 7ft?>nT^5 i 5 50 
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a. v~ is a ygL< ttssioflsofati^tiissnsnrittiii'sbs. M I m o 7x 

7 A B , -it#g©BW©P E R£fe^tllfFt?<!;5 tg^nSo d © *§ # t , # X 
^7 h;I/a$t^LTl«©P E RfcjUjgTSfca&fc&gftS N Rtf&5£3*U * L T ;!/ 
-y 7 7 -y 7° f - 7 ;1/ fc IS H * ft S rT t£ tt & S „ iitf, IWCP E R 1 % h Z % 5 
fcf , - 2 . OdB, 0. 4dB, 3. ldB, RXf 3 . 2dB©ftf, * ft Jf ft 1 , 4/ 
3, 5/3, SO* 2 b p s /H z CDX^ ? h ;l/8j*Sfc ft LtlWy 7 7 ~y 7 7 - 7 ;Wc IE ft 

[ 0 0 6 6 ] 

SlOlz-h-fcy htSLT, ^ft^'ft, H5iJf2bps/Hz©X^^F/HW* 

S7-7X h'J-Al M 2 tftLTMft S N R s tt, H 4 ©7n y M 1 2 & tf 10 

4 1 8*ffifflbTStS*nSRT^tt^*D ( H 3 © X 7 -y 7 3 1 2) , « T © il t) T? * S 

SNR req ( 1 ) = - 2 . OdB, 1 bps/HzOX^nM^SIt 

SNR req (2) = 3. 2dB, 2bps/Hz©X^7h;l/?jj§P£rW-f 

5 7* - 7 X h U - A 2 £ ft L T o 
[ 0 0 6 7 ] 

f-^Xhy-iZOHJSWiSSNR ( C ft fct fi £ , f LTf-n MJ-A 1 

18 5£ * ft ( X r <y 7° 3 l 6 ) , 17 T <D ffl 0 T* h % : 20 
SNR eff (2)=SNR req (2) =3. 2dB 0 
[ 0 0 6 8 ] 

§f Sfift S N R ii, S ( 8 ) tl^^t^S^n, £(TOlDfg5 : 

SNR rx =2-SNR req (2), lilfitSLt, gL<li 

SNR rx =SNR req (2) + 3. 0dB = 6. 2dB, 

[ 0 0 6 9 ] 

#SD©f-nFy-A c -r ft *3 , f-Mpy-ii) oiawftsNRa, s 

( 7 ) tl^^T^t^S^tl ( X r y 7° 3 2 0 ) , KT©iDT'fe« : 

SNR eff (1) = 3/ 8 • SNR r JilfitSLt, gL<ii 30 

SNR e ff (l)=SNR rx -4. 3 d B = 1 . 9dB, 

D 9 W ffi t ft L T o 

[ 0 0 7 0 ] 

Hi © 7 - h -fe -y h^O#f-^ U- hicltSiaW^Rtf^S&S NRB, |1 © 

#i 2 s tf 3 ml $ a e. ft 3 o if-^-htstsv-^y^ a^?n, g 1 © s © 

ff £ A 6 ft S o 
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m i 













1 


2 


1 


2 






1 


2 


4/3 


5/3 


bps/Hz 




1.9 


32 


1.8 


3.1 


dB 


SNR req 


-2.0 


3.2 


0.4 


3.1 


dB 




3.9 


0.0 


1.4 


0.0 


dB 



[ 0 0 7 1 ] 

f-^Xb'J-A lSO'2tSLT^SSS NRli, % (D , d ft 6 © 7* - * X h U - 
^tHtSHaWftS NR s (C^LTJtRSnS ( X r 7 7° 3 2 2 ) 0 S N R r e q (2 
) = S N R e f f (2) SU'S N R r e q < S N R e f f (1) t? 36 S O t? , r - * U - 
hOCC-feyhtt, 6. ZdBOS^CSfSnftSNRti^T^iS-hSnS. 20 
[ 0 0 7 2 ] 

Cl/-Hr? h 6 . 2 d BCSfl?nftSNRti5tt*-h2nT^4^C?»n 
t£ ( M x. &f , f-nh'J-AltjitLT^gftSNRff, 1 . 9 d B «fc D % < * 3 «fc 

JtlfcSNRIi, SNR req (1) tl^^t^S^n, f LT6. 2dBJ;^t< 

ft § a f 8 t? s s o 

[ 0 0 7 3 ] 

l2CI/-HryHi:JJLt, ^ ft ^ ft , 4/3SH5/3 b p s/H ztOX^n* 30 
ai^lt §f-^X h 'J - A 1 Sff 2 tSLt^ga S N R H 4 © 7° P y b 4 1 4 
& tf 4 1 6*tefflLTSfcS3ftSRT&itttf*!>, : 

SNR req ( 1 ) = 0 . 4 d B , 4/3bps/HzOX'^h^iaf*ft 

SNR req (2) = 3. 1 dB, 5 / 3 b p s/H z © X ^ 7 h )]/ % m * ft 
S 7* - X X b U - A 2 £ ft L T „ 
[ 0 0 7 4 ] 

r-XX h U - A 2 S N R ii , © & , *<D&gfc S N R tf £^n§„ SfH 

SftfeSNRtt, * O « , 3 ( 8 ) Id-j^titSJti, KTOlDfS? : 

SNR rx =SNR req (2)+3. 0dB = 6. 1 d B , n^f ffitSLt, 40 
[ 0 0 7 5 ] 

#?SD©r-Xb-h f-n-H) OliWftSNRti, £ (7) t 

SNR eff (l)=SNR rx -4. 3 d B = 1 . 8 d B , o^lft^LT. 
[ 0 0 7 6 ] 

© ^ij 4 r z$ 5 ^ x 6 ft § o 

[ 0 0 7 7 ] 

f-^X f 'J - A 1 Rn* 2 ©taWS S N R s (i, * © % % f tl5C«5SS S N R s t 
SbTJtR^nS. Stf, SNR req ( 2 ) = S N R e f f (2)&D ; SNR req ( 50 
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1 ) < S N R e f f ( 1 ) & 3 £> f , COf- ?I/-h©-t7 Ki, 6. 1 d B©i* 
[ 0 0 7 8 ] 

± is © §z $ t± , " » © " m m w * =f p ffi & x 4^ - a t ft l t t? as d , unt^no 

-3 T , IiW4f^iJKSIiO#Xf-^k:fe^TBi«n«, H 4 © 7° p -y h & tf ;!/ 
[ 0 0 7 9 ] 

cctI«?4afeSitt, " *f 8 US © " 3 ^ W ft T P ffiJ l» X * - A ft L X fS ffl * ft 

§ nj m tt ^ * D , Lftia^t^f-nh'J-Att, % ft © (Miff, ^ T © N T © ) 

ii7yf t ( & tf *3 * 5 < , mm<D $mm\£ y ic & tc -c ) ^^ism. stit 
^ r , 1 "3©lfl7yf t^?>©->y>f;Wi, lifi&T^lif fllo^xf-^t 

«nft->ysi?;l/^5B42nSRri It % S „ ^WX^-At^Lt, ffi © 1 o © 7° P 
-y h © -fe -y h & tf ffi © 1 o © ;!/ >y 7 7 -y 7 x - 7 ;b « ffi 2 ft * L T fS ffi * ft S rT f£ 14 

s o cctiiL/'cSifi, ffi © m m % o it s x + - a t *t l t t fs m * ft s rt tg 14 # 
8 5, fLtcna, *pg0i5©|gHi^7'<fe?»o 

[ 0 0 8 0 ] 

, 7*-in/-ho-aftii*t#-ht«ftJi)ii:£Eftfi/jM5Si«nftsNR (fft 

nOf-nb'J-ACftlflllLO^tl. 5bps/HzCX^)l-;H$ 
) , ^2©b-ht7 htMLT^SSt© C -T ft *3 "6 , 4/3M5/3©X^7h 
;l/S»jfs) «fc t3 *«j o . 6dB«i> 0 £©«!#«, fXf H < tJlttS c < 

MSftSo 

[ 0 0 8 1 ] 

fifTS©^f*©X^7 h;l/^$£jitt?gW0P E R * M fiic T S tf> ft S ft S ^ © S 
2nftSNR*iJSt8ftftt, lStSS?nftf-^Xh'J-A!i, KitBS^n 

^ rT tt © & § X ^ 7 h;l/S&*T?fJDST6nSRT^tt^*So S«£SSShftf-^ 

xhu-A©x^7 h;i/S&*^«^-ra©T?»ntf, igL<i«nj-u©Kits4? 
ft 7* - * x h u - a © x ^ 7 h )]/ m m » > ms©^f*©x^^ t )VfSi#&mtft? &fctb 

fc^ftfcJSUTigflllS-SS&gtffcSo ^ ffi £ # 4 * ft fc r - 7 X h U - A id ft f £ if to 
L /c X ^ 7 h ;l/ * fi , J; 5 S N R s t t L t S § (if Tfe S „ fltB 

t?tifef-n h U - A © ^ -f ft 1 © X 7 h ;l/ $J m ft B < ft DT^3©"?25tUf, 
fi'jMOSiSnftS NRtt, L«f-n h U - Atcft LTMft S NRti^TiJg^ 
ft, f LTlltSiJtiftf-^X h 'J-Ati^tt'liftl 1 (cna, r - 7 b - h 
© - ® ft E M t *f f S ±i ^ t? S ) o 
[ 0 0 8 2 ] 

IfiOlTtt, SI 2 © b - h •fe <y h l±, J;D/>24SiSnftSNR*£igJ:tS. * 

l^tSx^-iiCeiLSV^ftlclSLS:^, «fc 0 /h 5 ft X ^ 7 h ;!/ ?A * * fj D S T S 
ft S 5 T? ifc S o SlOlz-htvUcJifLT, 7* - ^ X h U - A 1 t fj D S T 6 ft fc X 

i^TiftCttlSltS. itltLT, H2©^-h^r-y h & , (ill ©b-h^r-y h 

^\J;D3KllWftX^7h;Va*^fJD^T^o ilti?nftj;5t, Sll©b-h^-y 
h t ^ f S 7* - ^ X h V - A 1 © V - S? y ii , 3. 9 d Bf$D, - 75" , ff!2©b-h-fe 
-y h t ^ f § r - 7 X h U - A 1 © v — y li , 1 . 4 d B X S 0 
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[ 0 0 8 3 ] 

C C fc fS m 2 ft fc K « f± , 0r£©SI?nfeSNR (cniiMI MO^XfitStS 
^ y - © ^ y X" S N R-efeSRftgtt^feS) £ £f T 5 ^ {* © X 7 h;>a|t%g^tt 

S&W*SNRs©-feyM±, 3fgOSf ?hftS NRtl^^T^LTS (7) ^fSML 
T N T © 7* - * X h U - h \c ft L T 46 t 5g 2 ft S rT gg 14 & <£> Z „ -fe -y h ft © # ft W 
ft S NRt^LT, IWCP E R ft ? S C © 1^ W ft S N R !c± 9 T*«- f 2tl W 

M T S ft 3& W * S N R © ft £ f H 11 T S fffi © 1 O © ;l/ y 7 7 y 7 f - 7 /I/ * ffi ffl T S t il t 
i^Tl^Jn^nlltt^feSo N T © X ^ 7 h )V % m © -t y h ti , N T OIMSSN 10 
R s © -fe y HcJtLTl^nS. N T ©7^7 h^JUl^OCC'by h fc ft JS f S r - X U 
- h © ^ -y hit, ^ © $ S 2 ft > ?LTN T ©f-?xhy-itMLtfffl?ns^ 

[ 0 0 8 4 ] 

± IE CD ff UB T? » , f-nMJ-ACtafiftSNRsli, SfSnftSNRtltJ^ 
T^LTS (7) ^SfflLTftg^ftS. cl © Stt , IfKSMIMOv'XfitSLT 
-IWt ( * BP # 14 ) ± IS L ft J: 5 ft > S * © <g £ £ # 0 S5t, S (7 

) fe , §Mitj3l>THW*Ti$ffJi7"Dt^y^©fitI-j^Tf tfi?ns„ g ft 

sa^fc§iiynt->>^g|tst?f-nh'j-A©iawssNRs^agt 

SfcJ&KfeffifflSnSRT^tt^ftSo CftB, * % W © 16 H ft T? § 0 
[ 0 0 8 5 ] 

t£ ,M fc f S fc 46 £ , r ' - 7 U - h © $ S tt , MIMOi/Xf itSLTftftWtSIBS 

S 0 

[ 0 0 8 6 ] 

7 7 F^y KM I MO ^Xritt, MMiScSKW7x-r^yx"^S^-rSni^tt^fe 

ljRW7i-f^>^a, o^->y-i*Ti (i s 1 ) ^^[tgcto en a , n 30 
J; ^ r g {§ 2 ft M ft © # y y ;I/ S f§ 2 ft M ft © M © y y ;I/ © S ii 

Ltffn t^iit- costt, sis ? n/t v- y ^';i/^iE l < mm? zmtiizBW* 

[ 0 0 8 7 ] 

OFDMIi, I S I * j£ Ig -T 3 46 fc & 7 g L < ffi © SI ft © 46 ic ffl 5 n § IT t£ 

ttlP*?, $50FDM->Xfili, © y X © A 7 F i@ £ #i & ( N F ) ©MSI^ 

7**% ;!/ £ i»«tg5>t§ 0 jg & $ -9" X" f- + * , ^7/^FgL<(i« gfc ^ y 

i:LTfeif«n«Rrtgffi^fe« 0 # m rjs s ^ x f - + * ;k± , fiiff-^^i^nssj 
tg tt ^ £ •?■ n ^ n © -9- x * + u 7 1 a a n v z n ^ o r d m y x 7 "- © vd ?>ii s +j- x © 

«;Hi, 32 IS & tf S M 7 y 7 © PeS © g fit H ES © # 14 ( M ti\ ?;^/Uyo7H 40 

;l/ ) W#LT, «II^W7x-f^^tgltSnJitt^fe5o OF DM^fffl 

it, MlllRW7i-f^ y^tiHts i s iii, L©»it-|^s^t, # 

OFDMi'yt^KDl^^l^ITCt ( -r ft *3 "5 , # O F D m y y ;l/ £ M ffl W ft 7° U 
7 X X * ^ £ C il ) la^T, j£iB*nSRr^tt^36S 0 
[ 0 0 8 8 ] 

OFDM*fiffltSMIMOi'Xfi ( T ft t> % , M I MO - O F DM7XfA) 
LT, N F ©JHIS+F7f t*;Hi, f-i'SIt^tSNs ©SIW*7ff 

f t*;l/i;LT94Sn«RrSitt* , $!), fLTNp • N s © 32 f - ^- ;l/ a , N T ©}2 

m 7 y © t N R © S IS 7 y © y- i: © © t* - 2 Si t » L T frj ffl rT fti T? fe S 0 ±3S^n 50 
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F OMtS*7f t^^Of HfntStSN T ©Ifl7yff«t7 htMLT»4L 
[ 0 0 8 9 ] 

1 f i '> X T ^ 

B5ft, Ifla^7 h 5 0 OO/n-y^Bf cl ft , 8 1 ©Iil->Xf A 1 

1 o ©jiff mmftvmmmmv a&£ 0 ^iifita, gtj^©r-* v~ h&t/3-r 

•T^X'SffSlX^-Atf, N T ©M7yr^£:}3^Tjl{§2ft3^^N T <D f ~ 9 7. 
gij ^? © 3 - y ^ M M ) o iftWSf-^ U - Hy'#Sfl7yftt*fLTf M 

^n«^tn-f^y^stfiix^-AB, 3 y h n - ^ 1 3oti^t4i^nf:a 

S rT tg 14 « o 
[ 0 0 9 0 ] 

mmm^-v v 5 0 oa, ( 1 ) $ h y y # ;i/ * # & -r 3 & & 1 grj 4? © 3 - 7* -f y 9 r 

ffSiX^-AtLftASTSf-^X h iJ-A?:Sif L, 3 - F ft L , ^LTSIt« 
TXf-X7"Dir7*l 1 4a, RXS ( 2 ) O F D M if U ffl * ft § © tf & ft «\ g f§ 5/ y 
jj? )]/ * f£ f S /c 46 ic £ IS y > # ;b * * 6 \c m S "T § nf tt ft s 36 & T X M I M O 7° D -fe 
V +J- 1 2 0 a "a" t? 0 TXf-^yn^7t)-l 1 4aft(fTX MIMO^Dtytl 2 
0 a » , BlOfllfn©TXf-?yD-b7*l 1 4MTX MIM07°n-feytM 

2 0 © 1 Hffl^||T?*So 
[ 0 0 9 1 ] 

05t^2ftfcM{*W&iiMI|-e&> T X t* - * 7° D -fe y V 1 1 4 a » , r V )]/ f- 7° 
1/^5 1 0, N T © X y 3 — ?512a^5512t, N T © f t * ;W y ^ - 'J - ^ 
5 1 4 a*^5 1 4 t , Sff N T <D i/ y # ;1/ V y Y. y 9 X U ^ y h 5 1 6 a § 5 1 6 t 

#li7yft tMLt, xy3-^\ f t^/K y^-'J-^, Rtfyy 

«;K7tfy^xM>H!)H?yF) £ # £y 0 r v ;1/ f- 7 U * 5 1 0 f± , r - * S fS 
tSLTffifflShS^tNT ^ilfH7y-f-^t<:M-r?»N T ©f-5Xh'J-Ath77^ 
y 7 r - * ( f ft fc 15 , If ffi t£ <y h ) ^f?*f yu-yntS. N T <D r - * X h U - 
A f± , b - h ffl W £ <t -3 T $ Jg 5 ft J; 5 , H ft 5 r - 7 U - h T* IS S 6 ft S nj 
ttA^?, #f-*Xh'J-ia, ^ft^ftCxyn-^5 l 2£4jL5h? 0 

[ 0 0 9 2 ] 

# X y 3 - ^ 5 1 2(i, * (73 7* - 7 X h U - A fc *f L T S K 5 ft II f* W ft 3 - r -f y 

KftJnftlfyhSffiftt*. 3-f^^(i, x - ^ 31 ff © f§ K tt * if » f 3 0 n - r 
^y?x*-£{±, M ffl W ft K M tt ^ x -y ^ ( C R C ) n - y ^\ ny#;V-->af 
)]/ n - t* -f y 9, % - Jf5 n - t* y 9\ 7 d 7 ^ 3 - r y 7\ & * © ffi © ffi « © ffi » 
^^•yr^-g-CfRrtgffi^feSo # x y n - ^ 5 1 2 © 3 - F ft * ft fc M v h It , * 6D II 
, fnfnof t*;Hy?-'J-^5 i 4icfi±|&^ft§ 0 ft*;H>?-'J-/U l 

- 7 -r s o j y $ - v - tr y ^ a , n - f ft * ft ^ tr y ht ^ l t sf m 9 << * - *y t << * 

4 A , f - ^ X b y - A t S L Tfl ffl 2 fl/clflf t ^ ;l/ 1 Mt « f£3 S N R £ I-j'^ T 

lisns^tff-^^iSJ!), 7x-7*^y^«5SiL, * l r # s !i y y ^ >v * jb j% r 
z tc 46 ic fs ffl * ft /c n - f f 1 2 ft h 1 h m <d m m * s 6 1 ij m t %> 0 

[ 0 0 9 3 ] 

#f^wK>?-'J-/U 1 4frP>©3-Fffc2ft/i^LT^y^-y-72ft/£tr 
yHb ft ft © y y ^ ;l/ v y b° y ^ x y * y h 5 l 6 1 4 ^ 6 ft a 0 -> > # )V v -y tf 
y ^ x y ^ y h 5 l 6ti, &m-> S fctblc z ti z <d \> v V *w 7? & 0 
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:n y F- n - 7 l 3 o tc J; ^ Sn/cIIMitJ; 5 ?^S?la?„ # y y # ;l/ w tf y 

/ x i/ ^ y h 5 l 6 f± , J y - j W -f V y y # ;l/ m f 3 *6 fc q j cn-Fftjn, 
fLT^y^-'J-72hfct*7 F- © -fe -y h * ^ )]/ - 7° f fc L , f L TlK 2 tifcIiX ^ 
-A ( M fc? , QPSK, M-PSK, M-Q AM, gL<i±<g§ffi©^fIX^-A) £ 

7°*nfcM^©^t±, m j - 7 y y © g is y y # # js t s 0 m j ajSio 

Si7yfttSt8IJR*hftBfOl«X*-i£SBL, Mj = 2 q J 7? * S 0 N 

T © y y # ;i/ v -y n° y / x y * y h 5 1 6 a ^ 5 5 1 6 ttt, Sl^y^;WN 

T ©Xh'J-A?:4i? 0 10 
[ 0 0 9 4 ] 

H 5 £ ^ 2 ft M f* W * m M & Wt T? t± , T X M I M O 7° n -fe >y -9- 1 2 0 ati, N T © 
OFDMt^al/- $ %*gZSo ->"a b-? (i, $ 7 — U X g g| (I FFT) X x -y h 

5 2 2MHfflWft7 0 y7^"y^X£j75c3§5 2 4^<fr 0 £ I FFT 5 2 21i, *f JS T 3 

y y ;iy v -y t° y ^ x y ^ y h 5 1 6 e> * ft * ft © $ II y y # ;i/ X h U - A * S « f S 

0 # I F F T 5 2 2 !i , N F © g p y y # )l * / )l - 7° ft L T , MSTS gf-/ > * ;M 
X h ;l/ * m fiSc L , *LT5S»Sfii7-UxSg|*ffifflbT#«||'>y^;I/^^h;I/*l^ra- 
F^'fySE (cna, O F DMi/y^;l/J:LTnf{fn§) IFFT522 
f± > ffi « © & © M M ft -9" 7 f- + * ;l/ ( $1 x fcf , 8 , 16, 32, . . . , N F , . . . ) 

K^^xm^Mzmm? zrctbicmvi-z ft%vjm&ti % hz> o #0FDM->y«;wcSLT 20 

, IffiW4^'J70i'^4)SS 5 2 4 li, OFDM->y*';KOsP^^lDSLt, *f JS 
t8gffy*MMt8. SlWft^n^yj'Xtt, Ifl^y^;l/^v;Vf/UI 
KfSt©#££fcV>Tfc^cDIt£#M$£^L, ?n£i^T, H»»ljRW7i-f-f 

y^t^-^r^c/c^^^^^icc^d^w^^sssast^LTtti^Bjr^-r^iiii^ 

»*>£t5 0 MffiW*7 0 'J7^7^X4^^ 5 2 4 (i, * O « , MltSSfil 2 2^ 
Ifv-yl^OXFy-A^^^?. O F D M & m ffl * n ft ft fcf , T X M I M O 7 P 
•fe V V 1 2 0 a » , # y y # ;!/ V >y \L y 9 X y * y h 5 1 6fr5IJ8jlLfcSflffll 2 2 -\ 
£ 11 ~> y # ^ 7 h U ~ A * ^ £ 4 * S o 
[ 0 0 9 5 ] 

§1111 2 21^ ( O F D M £ ffi ffl L ft ^ M I M O £ ft L T ) * ft * ft © £ M '> V # 30 
;MF'J-A^gL<li (OFDMSiffltSMIMOtJJLT) Ifi' > F 'J - 

A^SfiLtffiiLt, M2ft/=M^M-r§ 0 £ ft » , o iiLft/yft 

1 2 4*5iSf«n« 0 

[ 0 0 9 6 ] 

s m m a x -y Ft h -r « ffi (D m tt t , nfT^nswitt^*^ ^^^©iBH^-efes 

[ 0 0 9 7 ] 

, T © * B # fF m M £ * S HID * ft % » 

[ 0 0 9 8 ] 

*B#fFffiS##mo 9/9 9 3, 0 8 7 ^ , « ft "^7t7^^X^7tA7J 
^Ttm* (MIMO) ffl ft y X f A " , 2 0 0 1 11 lfl6FJj|ffi; 

% B W fF ffi K # # m 0 9 / 8 5 4 , 2 3 5 , « ft " / ^ / ;1/ « H If |g * ? rj 
ffl/S^7tA/^7tm/ (MIMO) Ifi/Xf Atfe^Tf-3!^IIt5fcJ6©SS 
SffSI" , 2 0 0 1 *5FJ1 lHIffi; 

*B#fFmiiS^®0 9/ 8 2 6 ) 4 8 1 ^l&tflO 9 / 9 5 6, 4 4 9^ 

, s # t tc « ft " 7 / 7 y x ji fs y x f a t fc~ t f - -v * ;v si w ig * ffl -r s » <o 

^rS&tfSH", ^nffl 2 0 0 1 $3^23FJ, Ri; 2 0 0 1 $9^1 sHtatu; 

*B#fFttiglS^mo 9/7 7 6, 0 7 5 # , « ft " 7 / 7 y X ffl fS y X r 
AOft6©3-f/ y^X^F-A" , 2 0 0 l<F2Fj 1 BSffi ; Stf 
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*H#M-*fi!0 9/5 3 2 , 4 9 2 ^ , « ft "Y^f t 'J 711* S 
ffl "f 3 i« M ffi M fi « y X r 2/ , 2 0 0 0 $3fl 3 0 0gffi o 
[ 0 0 9 9 ] 

ft T ^ 3 „ SIS^ISO 9 / 7 7 6, 0 7 5 ^(i, 3 - x -f y 7* X ^ - A * §£ TO L T D 
<ft^-*n-F) ^lfflLTf-^^3-f^y^t?atj;^t, * L T pjf a © b 

0 lon-f^y^stfiix^-At, ffifflsnsnr^ttib^D, en & , « to © is 

BfitfeSo 10 
[0 1 00] 



B6ft, jiMftMSfiil/p^y y^KMflTT t^iii^S? R X MI MO/ 
7* - £ 7° P -fc y -9" 1 6 0 a(D7n7^BT*fe?o RX M I M O / r - 7 7° P -fe v / 1 6 
Oati, IIORX MIMO/x-^/P-b^/l 6 00 1 llll^feSo N T © jS 
f/yftii^llSnftl^li, N R OTyft 1 5 2 a 5 1 5 2 rCftlfWcJ; 

c r s ft * n , =t l r * n * ft © § ft m 1 5 4tss^n? 0 54a, * n ^ 

ft©g«2ft/cf§^*il8Ib (MA if, 7^;F7b, fffib, ^ bT^7 y 3 y/S- F b 

) , *LTil^n/:i^^f/^^;/kL/ fcfjST s r - if / y 7;F©x F u - A* 20 

[0101] 

OFDM*ffifflbft^MIMOti5LT, f-^y^lWi, S ft 2 ft y y tf/F © ft 

a fi ■? & s o # S ft « i 5 4 a , * ft * ft © s ft * ft fc y y # ;f x f u - a , z. ft it , # 
^yjK;Hf|t*ft?Si^n/hi/y*;i/^to, * r x m i m o / / - ^ 7° p ^ ^ ^ 

1 6 0 at4^S(ift*$5, 
[0102] 

OFDM*fflfflt8MIMOtHLT, #gfll 1 5 4 fct , M ffl W ft 7° V 7 J V 7 X M 
* ft T ^ ft o aiW&yj7^7ni|xl.^Fli, Jl ffi ft ft 7° V 7 -1- v 7 X * 30 

ij ^ -r a o jiffiWft^noj'xa, #si->y*iFtMLtnii'XTA t & ^ r 

SA^ti, SjSt^f IJftfcO F DM^y^;l/^4i?o F F T 7° n -t? -y ^ © f£ 

, #SI2ftf:0 F DMv'yfiF^llLT, 'fOv'y^^lPI, N F © M WL ft 7" 7 

ft^jFtjpftSNf © s m s ft y y */f co ^ 7 F )]/ * 4 x. « o n r ©Sff£ft fcyy 

^/H/jFXF'J-itt, * O « , RX M I M O / / - 7 7 n -fc -y ^ 1 6 0 a "\ N R 
© S fH «t 1 5 4tj;-3T4xP)ftSo 
[0 1 0 3] 

OFDM*ffflf?MIMOt|L/ RX M I MO/f-^Ot7 t 1 6 0 a tt 
, N R © S ff 5 ft ft y y # ;F ^ 7 F ;1/ X F V - A * N R © S ft * ft y y # ;1/ X F U - A 
© N F © 7 ;F - 7° £ 7* V )]/ f - 7° y -y 7 x / S rT m tt & § o N F © 7 ;F - 7° f± , # M S » 40 

/ 7 f- / ;F £ *f b r i / ;F - 7 1? & 0 , # ^ )]/ - 7° , i o © M ISc / 7 / ■¥ / ;F t *f 

b T S M * ft Tc y y ^/F © N R © X h'J-A*^/u?^«. R X M I MO/f-^o 
-fe-yZl6 0at/ ^©fg, O F DM*fifflL4^M I MO lent? N R ©SiSnft:^ 

y I ;F x F y-AtMLtci^ft, HioSSTNn © S fi ^ ft Tc y y x F U - A 

© # ^/F - 7° * 3 -T a nj m tt ^ % a „ R X M I M O / 7* - ^ 7 P -tr -y / 1 6 0 a (b 

co^f TiD^nfci/y ^ < o ^ © ffi © * - ^ v y / x ^ - a t a / ^ r o f dm* 
ffi ffl f s m i m o t ^ b r § « * ft Tc y y ^ ;f t, ^ a -r a nj ft ^ & a „ ^ -r n © i§ # 

fe, RX MIMO/f-/°Dt7tl 6 0att, (O F DM§f fflLft^M I MOt 
MLT) N R © S m f£ ft y y # ;F X F U - A * g b < t± (OFDM^fffltSMIMO 

i//T) n R © s ff 2 ft y y #/f x f u - a © # / ;f - 7 * © a f s 0 50 
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